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[57] ABSTRACT

A method is disclosed for synchronizing. in the presence of
sign ambiguity, to a pseudo random maximal length
sequence having a characteristic polynomial of order k with
a coefficients vector A given by:

A=[la,a,...23, ;1]

where each of the coefficients a, to a,_, is 1 for an inter-
mediate tap location and otherwise is 0. A received symbol
sequence is supplied to and shifted through a K=k+1 stage
shift register with P intermediate taps in positions deter-
mined by a coefficients vector A, given by:

A,=l1 3, (a,Day) (3,®a;) . . . (a,_Day ) ;4 1]

where a, and a,_, are the inverse of a, and a,_, respectively
and & denotes a modulo-2 sum, whereby the shift register
has P intermediate taps where P is a positive integer less than
K. A respective correlation signal is recursively added at an
input for the received symbol sequence and at each inter-
mediate tap. Each correlation signal is produced by corre-
lating the P+1 signals from said input. intermediate taps. and
output other than the signal to which the respective corre-
lation signal is added. The invention is particularly appli-
cable to pilot synchronization in CDMA terminals.

14 Claims, 3 Drawing Sheets
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SYNCHRONIZATION TO PSEUDO RANDOM
NUMBER SEQUENCE WITH SIGN
AMBIGUITY IN COMMUNICATIONS
SYSTEMS

This application claims the benefit of United States
Provisional Application No. 60/001.881 filed Aug. 3, 1995,
the entire contents and disclosure of which are hereby
incorporated herein by reference.

CROSS-REFERENCE TO RELATED
APPLICATION

Reference is directed to U.S. application Ser. No. 08/688.
670 filed Jul. 29, 1996 in the names of Philip H. Thomas et
al. and entitled “Pseudo Random Number Sequence Syn-
chronization In Communications Systems™ (claiming the
benefit of United States Provisional Application No. 60/001,
885 filed Aug. 3. 1995). the entire contents and disclosure of
which are hereby incorporated herein by reference. For
brevity and convenience, this is referred to below as Ret-
erence A.

BACKGROUND OF THE INVENTION

This invention relates to synchronization in communica-
tions systems. for example spread spectrum cellular systems
or other wireless digital communications systems. and i1s
particularly concerned with synchronization in such systems
using long pseudo random number sequences.

In spread spectrum communications systems, fast syn-
chronization to a long pseudo random or pseudo noise
sequence, referred to for brevity as a PN sequence, is of

importance. It 1s known to handle PN sequence synchroni-
zation by using auto-correlation charactenistics of the PN

sequence. One type of PN sequence widely used in practice
is a maximal length sequence. referred to as an m-sequence.
which is generated by a linear feedback shift register. If the
shift register has k stages. then the length of the m-sequence
is 2“~1 symbols.

Long PN sequences are often employed 1n spread spec-
trum communications systems. but increase the time
required to establish synchronization. To reduce this time it
is known to use recurrent searching synchronization
methods, with the advantage that synchronization can be

achieved based on only a small part of a very long sequence
when the SNR (signal-to-noise ratio) is not low. However.

these methods have not been effective when the SNR is low.
for example less than O dB. because only a small part of the
sequence is used for synchronization. Low SNR 1s common
in spread spectrum communications systems.

Reference A provides an improved method of synchro-
nizing to a PN sequence, which can facilitate fast synchro-
nization to a long PN sequence even at low SNR and when
the PN sequence is not an m-sequence. However, the method
may not work properly when the received symbol sequence
has sign ambiguity. e.g. contains sign inversions. A sign
inversion can arise from canter phase ambiguity, in which
case it is constant throughout the entire received symbol
sequence. Sign inversions can also occur in a relatively
random manner due to modulation of the sequence by data
symbols in normal operating states of the communications
system.

An object of this invention is to provide an improved
method for achieving synchronization to a PN sequence in
the presence of sign ambiguity.

SUMMARY OF THE INVENTION

The invention provides a method of synchronizing to a
PN (pseudo random) sequence which can be generated by a
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2

linear feedback shift register having k stages and p inter-
mediate taps. where k and p are positive 1ntegers and k>p.
the sequence being a maximal-length sequence comprising
2*~1 symbols and having a characteristic polynomial of

order k with a coefficients vector A given by:

A=[la, 2, ...8., 1]

where the coefficients a, to a,_, are each 1 for an interme-
diate tap location and otherwise are (0, comprising the steps
of: supplying a received symbol sequence having sign
ambiguity to an input of, and shifting the sequence through,
a shift register having K=k+1 stages with an intermediate tap
at each location defined by a 1. between first and last 1s. in
a coefficients vector A, given by:

A=l 2, (a,Pa;) (a,Pa3) . . . (34D ) 2y, 1]

where a, and a,_, are the inverse of a, and a,_, respectively
and @ denotes a modulo-2 sum. whereby the shift register
has Pintermediate taps where P is a positive integer less than
K; recursively adding a respective correlation signal at the
input and at each intermediate tap of the shift register; and
producing each correlation signal by correlating the P+1
sighals from said input, intermediate taps. and output of the
shift register other than the signal to which the respective
correlation signal 1s added.

Viewed alternatively, the method comprises shifting the
received symbol sequence having sign ambiguity through a

shift register having K=k+1 stages with an intermediate tap
at each location defined by a 1. between first and last 1s. 1n

a coefficients vector A, given by:

A= E1 (a,€Pa;) (a6Paz) . . . (3, _kDag ) Ek—l 1]

where a, and a,_, are the inverse of a, and a,_, respectively
and ¢ denotes a modulo-2 sum, whereby the shift register
has Pintermediate taps where P is a positive integer less than
K, at the input and at each intermediate tap of the shift
register, recursively adding to the shift register contents a
respective correlation signal; producing the correlation sig-
nal for adding at the input of the shift register by correlating
the P+1 signals from the P intermediate taps and the output
of the shift register; and producing the correlation signal for
adding at each of the P intermediate taps by correlating the
P+1 signals from the input. output. and P—-1 other interme-
diate taps of the shift register.

Conveniently the step of producing each correlation sig-
nal comprises producing a product of the signs of said P+1
signals and of a minimum absolute value of said P+1 signals.
The step of supplying the received symbol sequence to the
input of the shift register can comprise the step of modifying
the received symbol sequence in accordance with a non-
linear function.

The method of this invention thus effectively applies the
method of Reference A to a non-maximum length PN
sequence of order K=k+1 to achieve synchronization to a PN
m-sequence of order k with sign ambiguity (i.e. sign
inversion(s)). The invention largely retains the advantages of
the method of Reference A, in that it can provide reliable
synchronization even for negative SNR and after processing

only a small part of the full PN sequence.
The invention is particularly useful in communications

systems which may require fast synchronization to a PN
m-sequence in relatively low SNR conditions, such as direct

sequence spread spectrum communications systems., for
example for synchronization to the pilot PN sequence in the
pilot channel in an IS-95 CDMA terminal.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further understood from the fol-
lowing description with reference to the accompanying
drawings. in which:

FIG. 1 schematically illustrates a block diagram of part of
a wireless digital communications receiver;

FIG. 2 schematically illustrates a linear feedback shift
register for generating a PN sequence;

FIG. 3 schematically illustrates a synchronization
arrangement for implementing an embodiment of the

method of the invention;

FIG. 4 schematically illustrates in greater detail a corre-
lation block of the synchronization arrangement of FIG. 3;
and

FIG. § illustrates performance of the arrangement indi-
cated by simulation results.

DETAILED DESCRIPTION

The following description presents an algorithm for gen-
eral channel conditions, followed by simplified algorithms
which facilitate practical implementation. An arrangement
for implementing an embodiment of the method is then
described in detail.

GENERAL CHANNEL CONDITIONS

For extracting symbols b=%1, counted by an integer 1 and
having a symbol duration T,,. of a PN sequence of length M
symbols from a received input signal Y, accompanied by
noise represented by a random value sequence y,, where n
is an integer identifying each sampling point, a processing
state is given by equation (1):

)or)

Y,.='~P(

where the received signal is assumed for convenience to
have unit amplitude, v represents the sign of the received
symbol sequence and has the value *1, At is the sampling
interval, 1, is a PN sequence delay for the sampling point n
and is assumed to be constant for all sampling points. f( ) is
a function representing the pulse form which has non-zero
values only in the interval (0,1), and W(,) is a function which
represents the interaction between the signal and noise.
Assuming that the sampling interval At=T, and that noise

samples are not comrelated for this sampling interval. then
equation (1) can be expressed as:
) (2)

r..:w(

where q is a discrete random variable uniformly distributed
in the interval [0.M-1]. Assuming that the symbol timing
(i.e. clock) recovery is perfect, the pulse form function
fin—i+1—q] is a delta function which has a value of 1 for
n—-i+1—q=0 and otherwise has a value of 0. Using the
notation:

nAt-+ (i— 1)Tg — Ty (1)

e'fb(
i= if 1o

]

m
8 X bfin—it+1-4l,r
=1

m
By= X bfin—i+1-g4] (3)

=]

gives the resuits:

B,=b

n oL

Y =¥Y(vB,y,)

(4)
(5)

A linear feedback shift register, having k stages and p taps
at stages L, L,.. .. L,. can be used as illustrated in FIG. 2
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4

and described below to generate a sequence in accordance
with a polynomial G(D) of order k given by:

D + | (6)

G(D)=D* + fl
 —

where i, p. and k are integers. The n-th symbol of such a
sequence is determined by a subsequence comprising the k
symbols preceding the n-th symbol, so that:

Bn:Bn—Ji: Bn-—L1 Bn-—l.g P Bn—l.? n)

If the polynomial represented by equation (6) is primitive,
then the generated sequence is an m-sequence (maximal
length sequence) with a length or period of M=2"-1 sym-
bols.

Incorporating a new discrete variable C,=vB, into equa-
tion (7) gives:

CokCaty Costy - Coy ™" Boy By By By (8)

For an m-sequence the number of intermediate tap outputs
p+1 is even, so that v?*'=1 for any m-sequence.
Consequently, a common generating equation for both direct
and inverse sequences can be expressed in the form:

CitVCrt Coty Caty - - - Coty 9)

and the preceding (n—1)-th step can be expressed as:

(10}

Cod™VC s 1 Crg 1 Crgyg - - Cn—l.p-l

from which:

V=Cn__l Cn+l Cnﬂbj—l C"—.lg—l - 'Cn—Lp—l (11)

Substituting for v from equation (11) into equation (9)
gives the recursive equation for symbols in both direct and
inverse sequences:

C:Cn—k Cn—-Ll Cn——Lz Lo Cn—!..P Cl‘l-—l Cn-—-k—l Cn—Ll—l Crr—-Lg—I ‘vt
Cn—LP—l

from which:

C=Cprx Cprt, Coity - - (12)

. Cn—-ﬂ'p

where K=k+1 is the number of stages in the generating shift
register for both direct and inverse sequences. the shift
register having P intermediate taps at stages R, R,.. .. Ry

The number P and the intermediate tap locations R, R.,
.. . R, of the generating shift register for direct and inverse

sequences can be casily determined. If the initial sequence
is assumed to be generated by a characteristic polynomial of
order k with a coefficients vector A given by:

A={la,a,...a2. ;1] (13)

where the coefficients a; (i being an integer from 1 to k-1)
are each 1 for the intermediate tap locations L,, L.. .. . L,
and otherwise are 0, then a coefficients vector A;, of order
K=k+1 for the characteristic polynomial for both direct and
inverse sequences can be determined by a vector modulo-2
sum of two coefficients vectors Al and A2 given by:
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Al=[0[1a, a,...a,, 1]]
A2=[[1 a, a, . ..2,_, 1] O] (14)

sO that:

6

where C,_." denotes the n-th iteration of a recursive non-
linear minimum mean-square estimate of the symbol C, _..
with the initial condition C,_.° with T being an integer from
1 to K. Conveniently the initial condition is set to C,_.°=0

5 for all values of T.
A, =[1 7 (a,Ba,) (a,@83) . . . (ag oDy 1) 35y 1] (15) It can also be shown that, analogously to equation (11) in
Reference A, a maximum probability extrapolation estimate
where a, denotes the inverse of a, and @ denotes the C, for the n-th symbol C, is given by:
modulo-2 sum. 10 ) ﬁ )
A channel model is then given by equation (12) above and Cn=sgn Ch g 7L, sgn C.‘Eif (18)
the equation:
Analogously to Reference A, equation (17) can be sim-
Y,=¥(C ooy (16) ,s plified using hyperbolic functions and the following nota-
tions:
It can be seen that this model, for the (non maximal-
length) linear recursive sequence of equation (15), has the
same form as the model defined by equations (5) and (7) of
Reference A. Following the reasoning given in Reference A,
a recursive algorithm for filtering a discrete PN sequence of 20 Ya=a tanh §(¥,)
symbols having sign ambiguity or inversions is expressed by
the following equation derived from equation (13) of Ref- 0 _"l=g tanh ¢,
erence A
= (17) 25 0, =atanh &,
. t2R+1,t=12... P =1, 2,...K (19)
o
n T2l
. . “ - 30 with the approximation:
Cok &Y + M., Gk + Cock PP
T=R+Lr=1,2,...P
1+ ¢(Yn) g TIL, CR g
oY)+ Cok 112, Ok, .
e e e =1 18 a tanh (tanh x tanh y)=sgn x sgn y min{ lxl, ly!} (20)
1+ ¢(Yn) Gk I Cg
to give the following equation (21):
TR+ 1,
Ul t=1,2,...P
T2l
Unh +sgn Uk sgn Y 15, ., sgn U2k, min
: 10 TRy TN gt S NN 15 et YLK 4 r=frl
U1 = kbl Un - Wak, [ En b t=1,2,... P
Uk
. U,
Yn+san'*.._}ﬂLss:nU:}aiuﬁn t=1

33

R

with the initial condition U,_.° with T being an integer from
1to K

For a channel with only additive white Gaussian noise
(AWGN). represented by:

8 (22)
Ox?

equation (21) can be simplified to the form of the following
equation (23):

Tn:
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i P
Unk + sgn Uk sgn Ya T15, 4, sgn U min

N R Yab Ok | . R, LIOGTR |,
Up—r+1 =
1
co 'U:_—RP|
l-un_lxl’ H-RI
Y, + sgn o0} IT lsgnu,,_ﬂfnﬁn
U )

with the initial condition v_° with T being an integer from

1 to K. where:

o ooml_ 2 n—1
Vo i :ﬁy Un—ﬂ'

Vo =02 U, " (24)

and 0},2 can be unknown.

Physical Implementation

Referring now to the drawings. FIG. 1 illustrates in a
block diagram parts of a wirecless digital communications
receiver, for example for a spread spectrum cellular com-
munications system compatible with the IS-95 standard, in
which a wireless digital communications signal is supplied
via an RF (radio frequency) circuit 20 of areceiver to a down
converter 22 to produce a signal which is sampled by a
sampler 24, the samples being converted into digital form by
an A-D (analog-to-digital) converter 26 for prcu:essmg in
digital circuits 28 conveniently implemented in a DSP
integrated circuit. The digital circuits 28 include a carrier
recovery block 30. a timing or clock recovery block 32, and
a PN sequence synchronization block 34 in which process-
ing of the digital signals is performed. The PN sequence
synchronization block 34 is supplied with the sampled and
digitized received symbol sequence from the output of the
A-D converter 26. and this constitutes the input signal Y, of
equation (1) above and is the input to the synchronization

arrangement described below with reference to FIG. 3.

FIG. 2 illustrates a linear feedback shift register arrange-
ment which can be used to produce a PN sequence for
synchronization. The arrangement comprises a shift register
36 having k stages numbered 1 to k, with the outputs of the
k-th stage and of intermediate taps along the shift register at
the outputs of stages L;. L. and L, supplied to inputs of a
modulo-2 adder 38. An output of the adder 38 is fed back to
the input of the first stage of the shift register and also
constitutes a PN sequence output signal in accordance with
equation (7) above.

By way of example, it is assumed that the PN sequence to

which synchronization is to be established is an m-sequence
with order k=10 and the generation polynomial:

10
Gio(D)=1+ 23 ¥

(25)

The period or length of the sequence is 2*-1=1023
symbols, and the number of intermediate taps of a linear
feedback shift register which can be used to generate the
sequence is p=7/. The coefficients vector for the generating
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T# K+ 1,

t=1,2,...P
T#1

polynomial for this sequence can be seen from equations
(13) and (25) to be:

A=[10011111111] (26)

From equation (14), the coefficients vectors A1 and A2

and their element-by-element modulo-2 sum constituting the
coefficients vector A, of the characteristic polynomial of
order K=k+1=11 are:

Al={0 1001111111 1]
A2={100111111110]

Am=[11010000000 1] (27)

from which it can be seen that P=2 and the generating
polynomial for both direct and inverse sequences 1is:

A, =1+D+DP+D'! (28)
FIG. 3 illustrates a consequent synchronization

arrangement, which includes three correlators and adders as
described below for the case of P=2 and serves to implement

equation (21). FIG. 4 illustrates the form of each of the
correlators.

Referring to FIG. 3. the synchronization arrangement
comprises three shift register parts 90 to 92 which. in
accordance with the coefficients vector A, of equations (27)
and (28). provide outputs at intermediate taps after 1 and 3
stages. and an output after K=11 stages. of the shift register.
Inputs of the shift register parts 90 to 92 are supplied with
the outputs of adders 94 to 96 respectively. A calculator 93
produces the output signal vy, from the input signal Y,
constituted by the received symbol sequence in accordance
with the first line of equation (19). Each of the three
correlators 97 to 99 is as described below with reference to
FIG. 4 and produces a respective correlation signal by
correlating the three signals from said input, intermediate
taps. and output other than the signal to which the respective
corrclation signal is added by the respective one of the
adders 94 to 96.

Thus the correlator 97. producing a correlation signal to
be added in the adder 94 to the signal y, derived by the
calculator 93 from the input signal Y, . correlates the signals
from the output and the two intermediate taps of the shift
register. The correlator 98, producing a correlation signal to
be added in the adder 95 to the output signal from the first

stage of the shift register (part 90), correlates the signal v,
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derived from the input signal Y, and the signals from the
output and the third stage (part 91) of the shift register.
Similarly the correlator 99, producing a correlation signal to
be added in the adder 96 to the output signal from the third
stage of the shift register (part 91), correlates the signal vy,
derived from the input signal Y, and the signals from the
output and the first stage (part 90) of the shift register.

As illustrated in FIG. 4, each of the correlators 97 to 99
comprises three sign functions (SGN) 74 to 76, which are
supplied with the three input signals to the correlator and
produce at their outputs sign signals representing the signs
of these inputs, three absolute value functions (ABS) 78 to
80. which are supplied with the three input signals to the
correlator and produce at their outputs signals representing
the absolute values of these inputs, a minimum function
(MIN) 82, which produces at its output the minimum value
of the absolute values supplied to its inputs from the
functions 78 to 80, and two multipliers 84 and 86. The
multiplier 84 produces at its output a product of the sign
signals supplied to its inputs from the functions 74 to 76, and
the multiplier 86 multiplies this output by the minimum
value produced by the function 82 to produce the output
signal of the correlator. As can be appreciated, all of these
functions can be easily implemented within a DSP integrated
circuit. without requiring division or multiple digit multi-
plication operations.

It is also observed that, although for the correlators are
described separately, the sign functions 74 to 76 and the
absolute value functions 78 to 80 can be used commonly
among the correlators; i.e. the three correlators 97 to 99 only
require a total of four such sign functions and four such
absolute value functions for producing the signs and abso-
lute values of the four signals to be correlated.

It can easily be seen that the synchronization arrangement
of FIGS. 3 and 4 operates in accordance with equation (21)
above, Initially the shift register contents are zeroed. and the
synchronized PN sequence can be obtained from the con-
tents of the shift register parts 90 to 92 when synchronization
has been achieved. It can also be seen that this arrangement
operates in accordance with the simplified equation (23) for
a channel with AWGN simply by replacing the non-linear
calculation function 93 by a constant.

FIG. 3 also shows the synchronization arrangement as
including an optional further sign function (SGN) 88, which
is supplied with an additional output from the correlator 97,
this output being taken from the output of the multiplier 84
in the correlator 97 as shown by a broken line in FIG. 4. The
output of the function 88 constitutes the symbol estimate C,
in accordance with equation (18). and thus this is easily
provided as a byproduct of the synchronization process.

FIG. § illustrates approximately performance of the syn-
chronization method and arrangement described in the
above example as expected from simulation results, showing
the probability of synchronization plotted against number of
symbols of the sequence received, for SNRs of 0 and -3 dB.
In the former case, synchronization is achieved within 200
symbols. In the latter case. the probability of synchroniza-
tion being achieved within 200 symbols is reduced to about
0.7. As can be appreciated from these results, even with
these low SNRs and phase ambiguity, synchronization is
achieved within only part of the PN sequence. and the speed
of synchronization improves rapidly with increasing SNR.

The synchronization arrangement described above 1is
therefore particularly advantageous in cases where the SNR
is low, for example about 0 dB or less. For very low SNR,
the arrangement can be used for one stage of a multiple stage

system. It is further noted that the arrangement has the
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10

advantage that its complexity is largely independent of the
PN sequence length, being proportionally dependent upon
the length of the PN sequence generating register.

Although particular embodiments of the invention have
been described in detail, it should be appreciated that
numerous modifications. variations, and adaptations may be
made without departing from the scope of the invention as
defined in the claims.

What is claimed is:

1. A method of synchronizing to a PN (pseudo random)
sequence which can be generated by a linear feedback shilft
register having k stages and p intermediate taps. where k and
p are positive integers and k>p. the PN sequence being a
maximal-length sequence comprising 2*"1 symbols and
having a characteristic polynomial of order k with a coet-
ficients vector A given by:

A=[la;a,...3_ 1j

where the coefficients a, to a,_, are each 1 for an interme-
diate tap location and otherwise are (. the method compris-
ing the steps of:
supplying a received symbol sequence having sign ambi-
guity to an input of, and shifting the sequence through,
a shift register having K=k+1 stages with an interme-
diate tap at each location defined by a 1. between first
and last 1s, in a coefficients vector A, given by:

A=l E1 (ayPay) (axPas) . . . (8, B3 ,) a_; 1]

where a, and a,_, are the inverse of a, and a,_, respectively
and P denotes a modulo-2 sum, whereby the shift register
has P intermediate taps where Pis a positive integer less than
K;
recursively adding a respective correlation signal at the
input and at each intermediate tap of the shift register;
and

producing each correlation signal by correlating P+1
signals from said input. intermediate taps. and output of
the shift register other than the signal to which the
respective correlation signal is added.

2. A method as claimed in claim 1 wherein the step of

producing each correlation signal comprises producing a
product of the signs of said P+1 signals and of a minimum

absolute value of said P+1 signals.

3. A method as claimed in claim 2 wherein the step of
supplying the received symbol sequence to the input of the
shift register comprises the step of modifying the received
symbol sequence in accordance with a non-linear function.

4. A method as claimed in claim 1 wherein the step of
supplying the received symbol sequence to the input of the
shift register comprises the step of modifying the received
symbol sequence in accordance with a non-linear function.

5. A method as claimed in claim 1 wherein P=2.

6. A method as claimed in claim 2 wherein P=2.

7. A method as claimed in claim 3 wherein P=2.

8. A method of synchronizing a received symbol sequence
having sign ambiguity to a PN (pseudo random) sequence
which can be generated by a linear feedback shift register
having k stages and p intermediate taps. where k and p are
positive integers and k>p. the PN sequence being a
maximal-length sequence comprising 2~ symbols and hav-
ing a characteristic polynomial of order k with a coefficients
vector A given by:

A=[la a,...8 ;1]
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where the coeflicients a, to a,_; are each 1 for an interme-
diate tap location and otherwise are 0. the method compris-
ing the steps of:
shifting the received symbol sequence through a shift
register having K=k+1 stages with an intermediate tap
at each location defined by a 1. between first and last 1s.
in a coctlicients vector A, given by:

An=ll a, (a,Ba,) (a,Ba;) . . . (8, ,Day ) 8, 1]

where a, and a,_, are the inverse of a, and a,_, respectively
and & denotes a modulo-2 sum. whereby the shift register
has P intermediate taps where P is a positive integer less than
K;
at the input and at each intermediate tap of the shift
register, recursively adding to the shift register contents
a respective correlation signal;
producing the correlation signal for adding at the input of
the shift register by correlating P+1 signals from the P
intermediate taps and the output of the shift register;
and

10

15

12

producing the correlation signal for adding at each of the

P intermediate taps by correlating P+1 signals from the

input, output, and P—1 other intermediate taps of the
shift register.

9. A method as claimed in claim 8 wherein the step of

producing each correlation signal comprises producing a

product of the signs and of a minimum absolute value of the

P+1 signals being correlated.

10. A method as claimed in claim 9 and including the step
of supplying the received symbol sequence to the input of
the shift register via a non-linear function.

11. A method as claimed in claim 8 and including the step
of supplying the received symbol sequence to the input of
the shift register via a non-linear function.

12. A method as claimed in claim 8 wherein P=2.

13. A method as claimed in claim 9 wherein P=2.

14. A method as claimed in claim 10 wherein P=2.
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